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(57) Abstract 



The principle object of the present invention, is to provide flexibility in the routing functions performed in the switching system. 
Another object is to provide a router (200) that can be centralized in a host computer (24) or distributed among various switching nodes 
(32b-32f). The router is easily programmable by the system operator to provide different routing algorithms for various calls. The router 
can be used in a system with a single switching node. However, it is particularly adopted for use in a multiple-switching-node system, 
either as a central, host resident unit, or as a distributed router resident on the switching nodes. A router embodying the invention uses 
router tables (201) that are readily configurable by the system operator to route calls based on predefined routing criterion in the incoming 
or outgoing call. 
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FLEXIBLE CALL ROUTING SYSTEM 

TECHNICAL FIELD 

The invention relates generally to a router for a telecommunications switching 
system that is easily programmable to provide different routing algorithms for various 
5 calls and is particularly adopted for use in a multiple switching node system either as a 
central, host resident unit, or as a distributed router resident in the switching nodes. 

BACKGROUND OF THE INVENTION 

An example of a switching system to which the present invention applies is de- 
scribed in U.S. Patent No. 5,544,163, Expandable Telecommunications System, the 

io contents of which are incorporated by reference herein. A telecommunication switch- 
ing node described therein has line cards with multiple ports connected to subscriber's 
telephone lines or to other devices such as PSTN trunks. The switching node also in- 
cludes a switch/matrix card and at least two system buses for switching calls received 
on one port to another port in the system. One of these buses is an incoming bus that 

is passes messages from the line cards to the matrix card and the other is an outgoing bus 
which transmits messages from the matrix card to the line cards. In order to perform 
switching on calls, the switching node receives information from and transmits infor- 
mation to line card ports over the system buses at predetermined times known as time 
slots. Each time slot generally corresponds with a port on the switch. The time slots 

20 assigned to each port and the software applications that manage calls on those time 
slots are generally termed "channels." 

Overall control of the system is exercised by the host, i.e., a group of software 
applications that typically reside on a computer. The switching nodes are intercon- 
nected by an internodal switching network. A second network termed the "host net- 
25 work " interconnects the switching nodes and the host computer for supervisory con- 
trol. 
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The host, the switching nodes and the line cards include their own software 
protocol applications which instruct them on how to handle incoming calls. A Layer 5 
(L5) protocol application in the host manages calls at the system level; Layer 3 (L3) 
protocol applications in the line cards handle calls at the line card level of the system 
5 and a Layer 4 protocol application (L4) i.e. a Central Call Processing(CPP) application 
in the switch, manages calls at the switch level. 

In an example of a switching system to which the present invention applies the 
L4 application is programmable by the system operator and this enables the system op- 
erator to decide which call processing operations will be managed by the L5 applica- 

10 tions and which operations will be managed by the L4 application. The L4 application 
is separated into software objects that function as state machines that are separately 
dedicated to specific tasks for each port in the switching node. The term "channel" thus 
encompasses the data paths between each port and the switch/matrix and the software 
objects in the switch/matrix that directly supervise the use of these paths. The primary 

is software objects in the L4 application are a channel state machine (CH), a call man- 
agement state machine (CM) and a physical connection state machine (PC). Each 
channel in the node includes a static instance of these primary objects. The L4 applica- 
tion also includes secondary software objects which include an Interworking state ma- 
chine, a DSP Manager state machine, a Switch Manager state machine, a Conference 

20 Manager state machine and a Distributed Router state machine. 

The CH in the L4 application is a programmable protocol language (PPL) object 
which manages channel state information for its associated channel. Channel state in- 
formation includes information about the state of each of the other objects in the chan- 
nel. The L4 CM is a PPL object which manages information about the state of any call 

25 in the associated channel. The PC is a software object which manages PCM switch 
connection information for its channel. The PC maintains information on whether a 
channel has a voice path connection active with another channel. 

The Interworking State Machine helps to support internal information routing 
and it gives the user the capability to specify the call model on a channel by channel 

30 basis. An instance of the Interworking object is dynamically created as it is needed for 
each channel. The DSP Manager state machine allocates DSP resources, routes DSP 
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requests to the appropriate DSPs and reports the results to the CH. The Switch Man- 
ager state machine and its data structures also manage simple connect and disconnect 
requests from the PC for all switching types, including local time slot switching and 
ring switching. The Conference Manager State Machine manages conference calls by 

5 managing the DSP resources and issuing commands to the DSP resources. The confer- 
ence manager also manages channel connections to the DSP. The Distributed Router 
state machine is an object that fields requests to route information based on a number of 
parameters in the message. Information routing in the switching system is an important 
function, especially in the use of external resources such as PSTN, long distance serv- 

10 ice, etc. 

A conventional router arrangement can be used to provide the routing functions. 
However, since the layer 4 software is now highly flexible, in that it can be readily 
modified by the system operator, it is highly desirable that the operator be given similar 
flexibility in structuring the routing functions. 

is SUMMARY OF THE INVENTION 

Therefore, the principle object of the present invention, is to provide flexibility 
in the routing functions performed in the switching system. Another object is to pro- 
vide a router that can be centralized in a host computer or distributed among various 
switching nodes. The router is easily programmable by the system operator to provide 

20 different routing algorithms for various calls. The router can be used in a system with a 
single switching node. However, it is particularly adopted for use in a multiple- 
switching-node system, either as a central, host resident unit, or as a distributed router 
resident on the switching nodes. A router embodying the invention uses router tables 
that are readily configurable by the system operator to route calls based on predefined 

25 routing criteria in the incoming or outgoing call. 

Specifically in the preferred embodiment of the invention, the routing table en- 
tries include fields that enable the operator to logically combine various parameter val- 
ues to determine how each call is to be routed. Calls may be routed based on the in- 
coming port, a resource group (group of channels that connect to the same external 
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service), an identifier of the calling or called party, the time of day or other desired cri- 
teria. Each entry in the routing table includes a field containing a route group ID, 
which is a key for routes having certain common criteria, a field containing a system- 
operator-selected, predefined criteria such as called party number; and a logic field that 
5 contains an identification of a call-termination channel group and/or a specification of a 
logical combination of other entries in the routing table. The field values in each entry 
maybe entered by the system operator through a conventional software tool with dis- 
play screens. The field values maybe compiled into application programming interface 
(API) messages and downloaded into the router. Alternatively, the router may interpret 
the entries without prior compilation. Thereafter, when the CH receives a request to 
route a call from a line card port, the CH through the CM provides the router with 
routing criteria for the call and the router uses the compiled routing table to determine 
how to process the call. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of 

which: 

Fig. 1 is a diagram of a call switching system incorporating the invention; 
Fig. 2 is a diagram of the router and the routing table used by the router; 
Fig. 3 is a diagram of the typical route criteria types used in the routing table; 
Fig. 4 is a diagram of the logical data field in the routing table; 
Fig. 5 illustrates some of the logical tags that may be included in a logical data 
field in the routing table; 

Fig. 6 is a diagram of how is a call is processed when the host originates the call 
by using a router to select and connect to the terminating port; 

Fig. 7 is another diagram of how a call in is processed when the host originates 
the call using a router; and 

Fig. 8 shows how a call is processed in a distributed router in the switching 

nodes. 
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DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT 

Fig. 1 is a diagram of a communications network that is configured to process 
calls to, from and within a switching platform in accordance with the present invention. 
The switching platform includes switching nodes 32b-32f that are connected by a ring- 

s like internodal switching network 34 to pass among them the various messages handled 
by the switching platform. Each switching node is associated with a plurality of net- 
work/line interfaces (not shown) which provide connections between the switching 
system and subscribers' lines, for example, and also with other switching systems such 
as the PSTN. These interfaces also provide access to system resources such as DSP 

10 resources and voice mail functions. The communications network also includes a host 
computer 24 that runs host supervisory applications 100 r 100 N . The supervisory ap- 
plications 100 r 100 N provide overall supervision, i.e. control and monitoring, of the 
switching functions of the network. The host computer 24 is linked to the switching 
nodes 32b-32f by a host network 26. 

15 The host computer, the switching nodes and the line cards include their own 

software protocol applications which handle calls in their respective layers. A Layer 5 
application in the host manages calls at the host level, a Layer 4 application in the 
switching node handles call-management functions in the switching node and Layer 3 
applications in the line cards manage calls at the line card level. In the present inven- 

20 tion, the Layer 4 application has been expanded to include a router 200. The router 200 
contains a state machine 203 that retrieves information from a routing table 201 in de- 
termining how to route each call. 

The preferred illustrative routing table 201 is shown in Fig. 2. Each entry in- 
cludes a route number field 202, a route property field 204, a route group ID field 206, 

25 a criterion type field 208, a criterion data length field 210, a criterion data field 212 plus 
a mask field 214 when applicable, a logical data count 216 and a logical data field 218. 
The route number field 202 is an index into the route table; the route property field 204 
is a route type mask or route type range; the route group ID field 206 is a key for routes 
having certain common criteria; the criterion type field 208 and the criterion data length 

30 field 2 1 0 describe the data contained in the criteria data field 2 1 2 and the mask field 
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2 1 4; the criteria data field 2 1 2 and the mask field 214, when applicable, are used to 
match the entry in the table to information received from the call-originating channel; 
the logical data count field 216 specifies the number of logical data entries in the logi- 
cal data field 218 and the logical data field 218 defines the routing logic for the call and 
5 may also contain identification of the destination channel. 

Typical route criteria types 304 are defined in Fig. 3. They include the time of 
day; the incoming-channel identity; a resource group identifier; an identifier of the 
calling or called party; a least-cost route criterion; a fastest-route criterion; and other 
desired criteria. Each criterion type 304 is assigned a criterion tag 302. These tags 302 
10 are the entries in the criterion type field 208. 

Fig. 4 illustrates the data in the logical data field 218 entries. Each logical data 
field 218 contains one or more sets of logical data. The logical data count field 216 in- 
dicates the number of data sets in the field 218. Each logical data set 218 has three 
parts. The first part is a logical tag 402 which identifies the kind of data in the logical 

15 data set. The second part 404 indicates the length of the data and the third part 406 is 
the data itself. Fig. 5 illustrates some of the logical tags 502 that may be included in a 
logical data entry 218. They include a resource group identifier, a span and channel or 
node address, a route group number that contains one of the valid route group identifi- 
ers, embedded logical data, coupled multi-criteria where subsequent route entries are 

20 coupled to one route entry, and a coupled multi-route group identifier where additional 
route group identifiers are coupled to one route group identifier. 

Fig. 2 is an example of the use of the routing table 201 to route a call. For ex- 
ample, if a call to the number 862 3592 is received in the channel from a line card port, 
the CH associated with that port sends the call to the router 200 through the CM. Since 

25 criterion tag sixty one is assigned to the called party criterion type, the router 200 se- 
lects all entries in the table where the value in the criterion type 208 is equal to sixty 
one. From these entries the router 200 selects entries one, two, and five. The router 
200 then checks the criteria data 212 and mask 214 fields in the selected entries to find 
the most specific value that fits the called number. The numbers in the mask field 214 

30 instruct the router on which numbers in the criterion data field 2 12 to consider during a 
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search. There is a one to one relationship between the numbers in the mask field 214 
and the numbers in the criterion data field 212. The router 200 considers every number 
in the criterion data field 212 that corresponds to the number 255 in the mask field 214 
and ignores the numbers that correspond to the number zero in the mask field 214. The 

5 router 200 therefore selects entry two, since its criterion data value 212 includes the 
called number. Thereafter, the router 200 checks the logical data count 216 to deter- 
mine how many sets logical data 218 entries it has to process. In entry two, the logical 
data count 216 is three. The first tag 402 in the logical data field 218 is a route group 
identifier 206 and the data value is three. The second and third tags 402 are resource 

io groups identifiers 502 and the values are 101 and 1 10. The router 200 next moves to 
the entries where the route group identifier 206 is three. The router thus selects entries 
three and four in the routing table. The criteria types 208 in those entries are time of 
day tags 302. Thus if the time of the call is between 9:00 and 1 9:00 hours the router 
200 chooses entry three and if the time of the call is between 19:00 and 9:00 hours the 

is router chooses entry four. If the criterion in the third entry is met, i.e., the time of day 
is between 9:00 and 19:00 hours, the router will examine the logical data field 218 in 
the entry three. This field 218 specifies resource groups 1 10 and 1 12. Group 1 10 is the 
only resource group common to both entries two and three. This group is therefore se- 
lected by the router. If the time of day meets the criterion in entry four, the router will 

20 examine the logical data field 2 1 8 in entry four. This field 21 8 specifies resources 

groups 1 1 1 and 113. Since there is no resource group common to entries two and four, 
the router will choose one of the resource groups for the call. 

After the router 200 selects a resource group, if the router is on the host, it se- 
lects an idle channel in the resource group. If the router 200 is distributed on the 
25 switching nodes, it determines if the group is on its node. The router on each node has 
a map of the idle channels in each group on its node. If the group is on its node, the 
router selects an idle channel for the call. If the group is on another switching node, the 
router 200 sends a route request to the router and the other node and the router on the 
other node selects the idle channel. Thereafter, the router returns the address for the 
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destination channel to the CM in the originating channel and sends a message to the 
CM on the idle channel. The CM then processes the call. 

Fig. 6 is a diagram of how a call is processed when the router is used by the host 
to select a port for call termination. The host sends a route control message to the CH 
5 component in channel A. Upon receiving the route control message, the CH sends a 
Call Service Route Request (CSRR) to the CM and the CM sends the CSRR to the 
Router. From this point on, the call is processed in the same manner as an internal 
routing for an incoming call. This allows the host to use API messages to invoke the 
router and connect to the selected port. 

i° Fig. 7 is another diagram of how a call may be processed when the router is 

used by the host for port selection. The host sends a route control message to the router 
state machine. Upon receiving the route control message, the router 200 uses the rout- 
ing table 201 to parse the message and the router 200 derives a route, i.e., selects a 
channel, based on the passed parameters. If there is a successful route, the router will 

is send the route control message to the selected channel's CH component. The re- 
mote/selected CH component will send a setup-network message to the layer 3 inter- 
face. The message includes a bit that tells the L3 application to direct its response to 
the switching node rather than to the host. Upon receiving a response from the L3 in- 
terface, the remote CH passes the response to the router. The router then acknowledges 

20 the route control message to the host by indicating which channel, i.e., span or channel 
address has been selected. 

Fig. 8 shows how a call is processed in a distributed router in the switching 
nodes. The distributed router in the originating channel, channel A, accepts a call 
service route request from the originating CH through the CM. The router attempts to 
25 find a route based on information in the route table 201. If a route is found in node, the 
router sends messages to the destination channel's CM and to the originating channel's 
CM. However, if a route is found on another node, the router on channel A sends a re- 
quest to a router on a remote channel, channel B. If the remote router finds the route of 
its channel, the remote router sends a message to the remote CM component. If a route 
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cannot be found, or if the remote channel's CM component rejects the request, a rejec- 
tion message is returned to the original channel's CM component. 

The foregoing description has been directed to specific embodiments of this in- 
vention. It will be apparent, however, that other variations and modifications may be 
5 made to the described embodiments, with the attainment of some or all of their advan- 
tages. Therefore, it is the object of the appended claims to cover all such variations and 
modifications as come within the true spirit and scope of the invention. 

What is claimed is: 
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CLAIMS 

1 1 . A communications network comprising: 

2 A) a plurality of switching nodes each of which contains: 

3 1 . line cards with multiple ports for connections between the communications 

4 network and subscriber lines or other switching systems, and 

5 2. objects for processing call on channels associated with each port; 

6 B) an internal network interconnecting the switching nodes for conveying 

7 switched telecommunications data between them; 

s C) a host computer that includes software applications which exercise su- 

9 pervisory control over the nodes; 

10 D) a host network linking the host computer with the switching nodes; 

11 E) a programmable router that utilizes a configurable routing table to route 

12 c ^lls based on predefined routing criteria, said routing table including 

13 multiple entries each having multiple fields, a first field in each entry 

14 specifying one of a set of routing criteria, a second field in each entry 
is specifying a group of ports to which a call may be routed and/or one or 

16 niore of the other entries whose first fields are examined to determine 

17 whether call parameters match the criteria in those fields; 

18 F ) means for logically combining values in routing table fields based on the 

19 results obtained by examining the other entries identified by the second 

20 field. 



i 2. 



2 on 



the 



The communications network of claim 1 wherein the router may be centralized 
host computer or distributed among various switching nodes. 
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1 3. The communications network of claim 2 wherein each entry in the router table 

2 comprises a field containing a route group identifier for identifying routes having cer- 

3 tain common criteria. ' 



I 


4. The communications network of claim 3 wherein each entry of the router table 


2 


further comprises: 


3 


A) 


a route number field for indexing the routing table; 


4 


B) 


a route property field for identifying a route type mask or range; 


5 


C) 


the first field which is a criterion type field for specifying one of a set of 


6 




routing criteria types; 


7 


D) 


a criterion data length field for storing the length of routing criteria data 


8 




and mask; 


9 


E) 


a routing criteria data field for storing predefined routing criteria data; 


10 


F) 


a criterion data mask field for specifying which digits in the routing cri- 


11 




teria data field to consider when routing a call; 


12 


G) 


a logical data count field for specifying the number of sets of logical 


13 




data in the logical data field; and 


14 


H) 


the second field which is a logical data field for storing sets of logical 


15 




data which identify a call-termination channel group, said logical data 


16 




field may also specify other entries in the routing table. 



1 5. The communications network of claim 4 wherein each criterion type is assigned 

2 a criterion tag, the criterion tag is placed in the criterion type field in each entry with the 

3 matching criterion data. 
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1 6. The communications network of claim 5 wherein each logical data field com- 

2 prises one or more sets of logical data and each logical data set comprises: 

3 A) a logical tag which identifies the kind of data in the logical data set; 

4 B) the length of the logical data in the set; and 

5 C) the logical data itself. 

1 7. The communications network of claim 6 wherein the router on the host selects 

2 an idle channel based on the call-termination channel group identified by the logical 

3 data field. 

1 8. The communications network of claim 6 wherein the router on a switching node 

2 has a map of idle channels in each call-termination channel group on that node and se- 

3 lects an idle channel in the call-termination channel group. 



1 9. The communications network of claim 8 wherein the router sends a route re- 

2 quest to a router on another switching node if the call-termination channel group identi- 

3 fied by the logical data field is on the other switching node and the router on the other 

4 switching node selects an idle channel in the call-termination channel group on the that 

5 switching node. 



1 10. The communications network of claim 9 wherein the router returns the address 

2 for the destination channel to an object in a originating channel for the call and sends a 

3 message to an object in the idle channel. 
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1 11. A switching node which contains: 

2 A) line cards with multiple ports for connections between switching node 

3 and subscriber lines or other switching systems; 

4 B) objects for processing call on channels associated with each port; 

5 C) a programmable router that utilizes a configurable routing table to route 

6 calls based on predefined routing criteria, said routing table including 

7 multiple entries each having multiple fields, a first field in each entry 

8 specifying one of a set of routing criteria, a second field in each entry 

9 specifying a group of ports to which a call may be routed and/or one or 

10 more of the other entries whose first fields are examined to determine 

1 1 whether call parameters match the criteria in those fields; 

12 D) means for logically combining values in routing table fields based on the 

13 results obtained by examining the other entries identified by the second 

14 field. 

1 12. The switching node of claim 1 1 wherein each entry in the router table comprises 

2 a field containing a route group identifier for identifying routes having certain common 

3 criteria. 

1 13. The switching node of claim 1 2 wherein each entry of the router table further 

2 comprises: 

3 A) a route number field for indexing the routing table; 

4 B) a route property field for identifying a route type mask or range; 

5 C) the first field which is a criterion type field for specifying one of a set of 

6 routing criteria types; 
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7 D) a criterion data length field for storing the length of routing criteria data 

8 and mask; 

9 E) a routing criteria data field for storing predefined routing criteria data; 

10 F) a criterion data mask field for specifying which digits in the routing cri- 

1 1 teria data field to consider when routing a call; 

12 G) a logical data count field for specifying the number of sets of logical 

13 data in the logical data field; and 

14 H) the second field which is a logical data field for storing sets of logical 

15 data which identify a call-termination channel group, said logical data 

16 field may also specify other entries in the routing table. 

t 14. The switching node of claim 1 3 wherein each criterion type is assigned a crite- 

2 rion tag, the criterion tag is placed in the criterion type field in each entry with the 

3 matching criterion data. 



1 15. The switching node of claim 1 4 wherein each logical data field comprises one 

2 or more sets of logical data and each logical data set comprises: 

3 A) a logical tag which identifies the kind of data in the logical data set; 

4 B) the length of the logical data in the set; and 
s C) the logical data itself. 

1 16. The switching node of claim 1 5 wherein the router has a map of idle channels in 

2 each call-termination channel group and the router selects an idle channel in the call- 

3 termination channel group. 
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1 17. The switching node of claim 1 6 wherein the router sends a route request to a 

2 router on another switching node if the call-termination channel group identified by the 

3 logical data field is on the other switching node and the router on the other switching 

4 node selects an idle channel in the call-termination channel group on the that switching 

5 node. 

1 18. The switching node of claim 1 7 wherein the router returns the address for the 

2 destination channel to an object in a originating channel for the call and sends a mes- 

3 sage to an object in the idle channel. 

i 19. A method for routing calls in a communications network, the network compris- 



2 ing at least one switching node, said switching node comprising (a) line cards with 

3 multiple ports each of which has an associated channel and (b) a router that utilizes a 

4 configurable routing table to route calls based on predefined routing criteria, said rout- 

5 ing table including multiple entries each having multiple fields, a first field in each en- 

6 try specifying one of a set of routing criteria, a second field in each entry specifying a 

7 group of ports to which a call may be routed and/or one or more of the other entries 

8 whose first fields are examined to determine whether call parameters match the criteria 

9 in those fields, said method comprising the steps of: 



io A. receiving incoming data in the channel from the associated line card port; 

n B. sending the incoming data to the router; 

u C. selecting each entry in the routing table where a criterion tag is associated 

13 with criterion type in the incoming data; 

H D. checking a criteria data field and a mask field in the selected entries to find 

is the most specific value that fits the criterion data in the incoming data; 
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16 E. selecting the entry that best matches the criterion data and checking a logic 
n data count field to determine the number of logical data sets in a logical data 

is field; 

19 F. checking a tag in each logical data set to determine the group of ports to 

20 which a call may be routed and/or one or more of the other entries whose 

21 first fields are examined to determine whether call parameters match the 

22 criteria in those fields. 
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